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Abstract

Author: Lien, Jessie. MS
Institution: Purdue University
Degree Received: May 2018
Title: The acute effect of isoflurane and propofol on the olfactory-cognitive ability of brown root
rot disease fungus detection dogs
Major Professor: Jeff C.H. Ko
Scent detection dogs may get injured when performing their tasks and anesthesia is
needed for medical attention of these dogs. Currently there is no study evaluating the effect of
anesthesia on the olfactory ability of scent detection dogs. This study examined the effects of two
commonly used anesthetics, isoflurane (an inhalant agent) and propofol (an injectable agent), on
canine olfactory-cognitive circuitry in detecting brown root rot fungus (BRR). The study also
evaluated a novel linear route scent detection system utilizing a leash suspended by a guide wire
to minimize human hints in dogs. We hypothesized that 1) both anesthetics would reduce the
scent detection ability of the dogs; 2) isoflurane would have a greater negative impact on the
olfactory acuity of the dogs, and 3) the established linear system would provide a way to
evaluate the short term effect of the anesthetic agents on the scent-detection dogs.
Eight beagle dogs (age ranges from 1 to 9 years old, median age=3) trained for BRR
detection were used in this double-blinded, randomized, cross-over study. Each dog received two
treatments, isoflurane and propofol, in a randomized order with an 11-day washout period
between treatments. Immediately prior to the anesthesia, a baseline BRR detection test result was
obtained, and the success rate of detecting BRR for each dog was recorded. The dog was then
anesthetized with either propofol or isoflurane and a light plane of anesthesia was maintained on
each respective anesthetic for 30 minutes. Soon after anesthesia recovery (upon endotracheal
extubation), the same scent detection test was conducted again at 0.5, 1, 2, 4, and 24 hours after
the dog was extubated. The results showed that neither anesthetic agents had a significant (p=
0.869) impact upon the olfactory-cognitive ability of the dogs at any given testing time interval
when compared with the baseline performance. Furthermore, isoflurane did not have a greater
impact on the olfactory acuity of dogs compared to propofol (p=0.669) and no significant
difference in the overall effect between the two anesthetics (p=0.278). We concluded that
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isoflurane and propofol do not cause negative effect on canine olfaction within 24 hours. There is
no difference in effect between these two drugs. And the linear route scent detection system
provides a way to evaluate these dogs before and after anesthesia treatments objectively.



CHAPTER 1. INTRODUCTION

Humans have worked with domestic dogs (Canis familiaris) to perform various tasks for
a long time, from pulling sleds to guarding livestock to searching for targets. The olfaction of the
dog is well known to be astonishing and remarkable. It has been applied for many purposes, such
as rescue and search, contraband detection, environmental conservation, and disease diagnosis.
The highly developed nose structure and robust memory explain the strong olfactory
detection ability in dogs. Sniffing behavior allows an odor to travel though the olfactory pathway
and be identified by the brain. When air is drawn into the nose, it is humidified by the nasal
cavity and absorbed by the olfactory mucosa, which is covered by the olfactory epithelium
(Helton 2009). Specialized olfactory receptor neurons (ORNs) are only found on the olfactory
epithelium (Jezierski et al. 2016). ORNs interact with different odorant molecules, initiate signal
transduction and then send olfactory information to the olfactory bulb. The olfactory bulb
discriminates and transmits specific odors to the piriform cortex and the entorhinal cortex (EC).
These two brain structures are also known as the primary olfactory cortex. In the piriform,
olfactory information goes to the secondary olfactory cortex, the orbitofrontal cortex (OFC), and
leads to the step of decision-making. Olfactory information is also transmitted from the EC to the
hippocampus, enhancing odor memory and experience (Gadbois and Reeve 2014; Jia et al. 2014).
Even though canine olfaction is highly developed, their noses are still vulnerable to
impairment. The decreased ability to smell is defined as hyposmia. Hyposmia is categorized into
three types: failing to identify odor, odor quantity, and odor magnitude. Hyposmia in dogs can
only be diagnosed by controlling odor quantity (Jenkins et al. 2016). Some literature has proven
canine olfaction can be affected by various factors, including age (Hirai et al. 1996), diet (Altom
et al. 2003), disease infection (Myers et al. 1988a; Myers et al. 1988b), and drug use (Ezeh et al.
1992; Jenkins et al. 2016). In the field of drug use, the anesthetics’ effect on olfaction has been
studied in humans (Kostopanagiotou et al. 2011; Elterman et al. 2014); however, to the author’s
knowledge, it has not been well explored in dogs yet.
It is not uncommon that dogs used for scent detection or search and rescue develop
illness and injuries during their missions. (Baltzer, 2012a; Baltzer, 2012b). In 2016, there was an
earthquake that measured 6.4 on the Richter scale in Tainan, Taiwan, causing the collapse of
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buildings. A rescue and search dog named Sunny had cut her right hind leg during the mission.
After being treated by veterinarians, she was able to return to the scene and continued searching
for lives. In the earthquake that happened in January 2010 in Haiti, researchers had recorded that
approximately half of the dogs (43%) in international Urban Search and Rescue (USAR) had
been injured or sick during the work (Gordon, 2012). The most reported types of injuries range
from a variety of soft tissue (skins and muscles) lacerations, tears of the ligaments and tendons,
and dehydration and heat stress related illness. General anesthesia is frequently needed for minor
surgical repairs. Among all the anesthetics, isoflurane and propofol are most commonly used.
Isoflurane and propofol represent typical inhalant and injectable anesthetics, respectively.
These two anesthetics that have been used in human medicine since the 1980s and are now
extensively used in veterinary surgery (Riviere and Papich 2009). One of the factors contributing
to the popularity of isoflurane and propofol is their rapid clearance, which makes them the ideal
anesthetics for clinical surgeries, especially short procedures. Isoflurane is minimally
metabolized (Hay Kraus et al. 2000) and frequently used for anesthetic maintenance. According
to the study by Holaday et al. (1975), the amount of isoflurane metabolized by the human body
was no more than 0.2%. It was not known if isoflurane had a similar activity in dogs until 1988
when researchers discovered that 94.3% of isoflurane was exhaled unchanged after anesthesia in
dogs (Sakai et al. 1998). Propofol is approved for use in dogs for anesthetic induction and
maintenance for general anesthesia. Propofol goes through rapid biotransformation by the liver
to inactive metabolites then are excreted in the urine. However, propofol also undergoes
extrahepatic metabolism. Following administration, propofol is rapidly distributed and the dog
recovers quickly after propofol anesthesia. There are side effects associated with isoflurane and
propofol. Both anesthetic agents cause peripheral vasodilation which results in hypotension
(Reich et al. 2005; Burns 2014). Moreover, the pungency of isoflurane can irritate a dog's airway,
which would likely affect its olfaction. Anesthetic agents may cause the dog to develop
hyposmia and/or influence their cognitive function. So far, little literature has investigated drug
effects on canine olfaction (see Table 1). To the author's knowledge, there has been no study
evaluating either inhalant or injectable anesthetic effects on the dog's olfactory-cognitive
function to date. Therefore, it becomes valuable to study whether isoflurane and propofol result
in hyposmia in dogs, which can significantly disrupt the work efficiency of scent detection dogs.
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The study used eight brown root rot fungus-detection dogs to determine whether
isoflurane and propofol influence their ability to detect these fungi in a novel linear route scent
detection system before and after anesthesia. The BRR disease is defined as a tree rot disease
caused by the fungus Phellinus noxius, which is contagious and frequently spread from tree to
tree via root contact. The fungus gradually decomposes tree structure, eventually causing the tree
to fall with tree death. Diagnosing BRR disease can be challenging in the early stages, because
the infection often occurs underground and cannot be detected visually above the ground. (Bodah
2017). However, with the use of detection dogs to sniff out the BRR fungal infected tree, the
disease can be effectively eliminated and stopped the spread of BRR disease among the trees. In
this study, we also evaluate a novel scent detection performance system with a reduction of the
handler contact with the dog to minimize the hints and therefore reduce bias in the dog's ability
to detect the BRR.
The objectives of this study were to determine whether isoflurane and propofol acutely
affect olfactory-cognitive function of the BBR detection dogs in a novel scent detection
performance system. We hypothesized that 1) both anesthetics would reduce the scent detection
ability of the dogs; 2) isoflurane would have a greater negative impact on the olfactory acuity of
the dogs, and 3) the established linear system would allow us to evaluate the short-term effect of
the anesthetic agents on the scent-detection dogs.
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CHAPTER 2. LITERATURE REVIEW

2.1 Application on canine scent
Dogs have assisted humans to solve numerous problems. For instance, dogs have been
used for pulling sleds, guarding livestock, and searching things by olfaction. Abundant literature
has explored various tasks dogs are capable of (Serpell 1995; Browne et al. 2006; Helton 2009;
Hardin 2015). This section will only focus on the introduction of scent-detection dogs and their
contributions.
2.1.1 Rescue and search
Rescue dogs use their scent ability to search for human scents from natural or man-made
disaster to facilitate the efficiency of search and rescue. Besides searching, the dogs are also
trained for their agility to move fluently in the disaster areas. On September 21st, 1999, an
earthquake measured 7.3 on the Richter scale occurred in Jiji, Nantou, Taiwan, causing the death
of over 2,000 people. A report had investigated the equipment carried by international Urban
Search and Rescue (USAR) teams after the earthquake. The research found that half of the teams
brought rescue dogs and considered they were essential for rescue tasks, even though it was
inconvenient to transport dogs between countries (Chiu et al. 2002). After the September 11th
attack, there were approximately 250 to 300 canine groups and teams involved in the rescue
work. The entire process had lasted for six months (Bauer 2006).
2.1.2 Contraband detection
Their olfactory acuity allows dogs to perform scent-detection for various objects,
especially for contraband. Common contrabands include narcotics, explosives, and agricultural
products. (Browne et al. 2006; Helton 2009; “Agriculture canine” 2016). Drug dogs and
explosives dogs were the primary dog types to use when civilians started to apply scent-detection
dogs in their lives. Narcotics dogs are trained to detect illicit drugs, such as heroin, cocaine,
marijuana, and ecstasy (Lorenzo, 2003). Training a narcotics dog can be challenging because
only 1 out of 800 dogs is able to perform well during the training (Schultea, 1977). From 1975 to
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1977, in one of the largest school districts in Texas, polices had employed narcotics dogs to
successfully control illicit drugs (Schultea, 1977). Detection dogs, especially explosivesdetection, are considered even more reliable than explosive detection instruments (Furton and
Myers 2001). Advantages of detection dogs are better selectivity of target scent from the
interferents, faster detection speed, high mobility, and so on. Their detection rate is also required
to maintain at a proficient level. For example, the Department of Defense program required dogs
to have at least 95% detection accuracy (Furton and Myers 2001). On the other hand, the
program “Beagle Brigade” was established by the U.S Department of Agriculture in 1984 to use
beagle dogs to detect agricultural products. The program was transferred to U.S Customs &
Border Protection (CPB) in 2003 to continue. To date, there are 116 CBP dog teams serving the
needs for contraband screening (“Agriculture canine” 2016).
2.1.3 Environmental conservation
The works of conservation dogs focus on the interaction with natural environment. A
wide range of functions has been recognized for conservation dogs. Dogs can detect insect scent,
eliminate pest species, protect endangered species, and prevent species invasion. Insect detection
began in the mid-1970s when Wallner and Ellis (1976) applied canine olfaction to detect the
pheromone and the eggs of gypsy moth. In the recent years, several studies have tested canine
scent-detection on different insects, and a number of them had approached a detection accuracy
over 95% (Brooks et al. 2003, Pfiester et al. 2008, Lin et al. 2011).
A variety of factors contributing to species endangerment are human development,
climate change, exotic species incursion, and habitat fragmentation. Detection dogs can be used
for pest eradication to protect native endangered species. In a project of eradicating rabbits and
rodents on Macquarie Island, Australia, methods involved toxic baiting and rabbit holes hunting
using detection dogs (Jezierski et al. 2016). Another example is the invasion of brown tree snake
(Boiga irregularis) in Guam. Without a natural enemy, brown tree snakes have caused
irreversible damage on the population of nine native avian species, especially the Guam rail
(Gallirallus owstoni) (Helton 2009; Jezierski et al. 2016). Besides birds, other animals including
Mariana fruit bat (Pteropus mariannus) (Wiles 1987a and b; Wiles et al. 1995) and several
endemic lizard species (Rodda and Fritts 1992) have been threatened by the brown tree snake as
well. Because of the geographical location, transportation is well developed in Guam. However,
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transportation increases the risk for the brown tree snake to spread over the area (Helton 2009).
Therefore, the Wildlife Services of the U.S Department of Agriculture used detection dogs to
search cargo exports from Guam in order to prevent the further dispersal of brown tree snakes
(Jezierski et al. 2016).
Habitat fragmentation also involves in species endangerment. It is defined that the past
habitats have become separated and isolated, leading to great loss on biodiversity (Fahrig 2003).
Vynne et al. (2009) used dogs to successfully detect the habitats of two endangered species, giant
armadillos (Priodontes maximus) and giant anteaters (Myrmecophaga tridactyla). With this
information, researchers are able to locate the habitats of the endangered species and prevent
human activity in those areas.
2.1.4 Disease diagnosis
As researchers constantly explore the capability of canine olfaction and detection, plenty
of studies have shown that dogs can distinguish the smell of cancer in breath, urine, tissue, and
blood samples (Jezierski et al. 2016). Examples of cancer types include lung cancer, breast
cancer, colorectal cancer, prostate cancer, and ovarian cancer (McCulloch et al. 2006; Horvath et
al. 2010; Cornu et al. 2011; Sonoda et al. 2011). In 1989, Williams and Pembroke hypothesized
that dogs were potentially capable to detect cancer because of a case they received. A woman
found her dog continuously sniffed the lesion on her left legs for many months and even tended
to bite the part off. The patient became suspicious of this situation and sought medical help. As a
result, malignant melanoma was surprisingly diagnosed. Unfortunately, this tremendous finding
had been ignored until a similar paper published by Church and Williams in 2001.
Some recent studies suggest the ability of dogs to detect hypoglycemia in patients with
type 1 diabetes (Wells et al. 2008; Hardin et al. 2015; Los et al. 2017). In 1980, the amount of
patients with diabetes was 108 million; however, the number has elevated to 422 million in 2014
(Mathers and Loncar 2006). There are four major kind of diabetes: type 1 diabetes, type 2
diabetes, gestational diabetes, and other specific types (Holt et al. 2010). Type 1 diabetes is
associated with the deficiency of insulin; patients with this autoimmune disease cannot produce
insulin themselves, resulting in hyperglycemia (World Health Organization 2017). During the
treatment with exogenous insulin, type 1 diabetic patients often carry the risk of hypoglycemia
and may suffer multiple neurogenic symptoms such as sweating, confusion, irritability, seizures,
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or even death (Briscoe and Davis 2006). Therefore, diabetes alert dogs are trained to detect the
odor of hypoglycemia and to alarm diabetic patients if hypoglycemia occurs. The question of
how dogs detect hypoglycemia is still unclear, but scientists have assumed it is the change of
odor from breath or sweat (Los et al. 2017). Dehlinger et al. (2013) had found that dogs could
not sense hypoglycemia from skin-swab sample.
2.2 The olfactory system in dogs
The well-developed olfactory system is the reason dogs have extraordinary odor
detection ability. Although olfaction studies widely rely on rodents or humans as animal models,
most of the vertebrates, including dogs, share the essential structure and mechanism of olfactory
system. To appreciate how a dog detects and discriminates odors, understanding the function of
the olfaction pathway becomes important.
2.2.1 Anatomy of canine olfactory pathway
In dogs, sniffing behavior allows odor to travel though the olfactory pathway and be
identified by the brain. According to Steen et al. (1996), dogs are capable to sniff up to 20 times
in one second during bird hunting. The purpose of sniffing is to disturb the airflow then draw the
odorant molecules into the nose, where they are humidified by the nasal cavity and absorbed by
the olfactory mucosa (Helton 2009). The mucosa covers the main olfactory epithelium (MOE).
The surface area of the MOE in a canine’s nose is approximately 70–170 cm2 (depends on
breeds), compared to 5 cm2–10 cm2 in a human’s nose (Helton 2009; Buck&Bargmann 2013;
Jezierski et al. 2016). Canine olfaction is regulated by the olfactory receptor neurons (ORN) that
can be only found on the MOE (Jezierski et al. 2016). As Figure 1 shows, the role of the
specialized ORNs is to interact with different odorant molecules, initiate the process of signal
transduction, and send information to the olfactory bulb. The olfactory bulb discriminates, filters
out, and transmits specific odors to the primary olfactory cortex including the piriform cortex
and the entorhinal cortex (EC). The function of the piriform cortex is thought to detect,
discriminate, and recognize the component of odorant molecules, while the EC is involved in
spatial learning. Because the functions of the EC also include navigation and memory processing
(Jezierski et al. 2016), Gadbois and Reeve (2014) believed that the EC contributes to tracking
ability in dogs. From the piriform, olfactory information is sent to the orbitofrontal cortex (OFC),
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the secondary olfactory cortex, via the thalamus for decision-making. Olfactory information is
analyzed by the caudate nucleus. Caudate nucleus relates to positive expectation (i.e. reward).
When the analyzed information goes through the thalamus, the thalamus gives feedback to the
cortex (Jezierski et al. 2016). This mechanism promotes dog to expect a reward when it detects
the target scent and decides to signals the handler. On the other hand, the EC also transmits
olfactory information to the hippocampus, enhancing odor memory and experience (Gadbois and
Reeve 2014; Jia et al. 2014) (See Fig. 2 for the structure of olfactory system).
Sniffing involves signal transduction between the nose and the brain, especially the
frontal cortex. Difference in olfactory activities was observed between the awake and the sedated
dogs. In a recent research by Jia et al. (2014), functional magnetic resonance imaging (fMRI)
was employed to investigate the olfactory pathway in dogs based on their conscious status.
Unlike computed tomographic scan, an X-ray image scanning, MRI uses a magnetic field to
build a more detailed, three-dimensional image of the brain. fMRI applies the same approach of
MRI; however, it can present the activity of the brain rather just a brain structure. Langleben and
Moriarty (2012) employed fMRI to investigate the brain activity whether a person was lying or
not. Moving back to the result by Jia et al., although the dogs were anesthetized, researchers
found that the olfactory bulb, the piriform cortex, and the EC remain activated. However, the
areas related to cognition (i.e. the orbitofrontal cortex) were active only in the awake dogs.
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Fig 1. The illustration of the olfactory receptor on the main olfactory epithelium in dogs.
(MOE: main olfactory epithelium, ORN: olfactory receptor neuron)
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Fig 2. The cross-sectional illustration of a canine head showing the structure of the olfactory
pathway. The odorant molecules go through the nasal cavity and bind with the ORs located on
the MOE. The odor information is then transmitted not only to the EC and the hippocampus for
memory, but also to the OFC for decision-making through the piriform cortex and the thalamus.
(MOE–main olfactory epithelium, OR–olfactory receptor, EC–entorhinal cortex, OFC–
orbitofrontal cortex)
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2.2.2 Learning and Memory
In addition to the exquisite olfactory system, having a robust memory also strengthens a
dog’s ability to identify numerous odors. The memory of odors is obtained from perceptual
learning and experience (Wilson and Stevenson 2006). Several studies have suggested when the
sensory experience, including olfaction, was enhanced, detection thresholds are decreased
(Gibson 1953; Goldstone 1998; Ghose 2004). To define by the field of olfaction, detection
threshold is the lowest concentration of a particular odor that can be consistently detected
(Henkin 1994). For example, the more familiar an explosive-detection dog detects a specific
explosive odor, the easier it would discriminate the target odor from others (Helton 2009).
To the author’s knowledge, canine memory studies are mostly visual-related. The amount
of literature on olfaction-related memory, even canine memory itself, is limited. However, one
study suggested that dogs could remember specific odors and still precisely recognized them
after 69 days (Lubow et al. 1973). Williams and Johnston (2002) discovered dogs were able to
learn and maintain at least 10 odors for 4 months. Other canine memory studies were relevant to
“fast mapping”, language learning, and landmark-based memory. Fast mapping was named by
Carey and Barlett (1978), who defined it as the ability to link a proper-noun to an object rapidly
even without knowing the meaning of the word. Pilley and Reid (2011) demonstrated the
learning and memory capability of a border collie named Chaser. More specifically, Pilley and
Reid performed four experiments and proved that Chaser knew 1022 proper nouns for toys and 3
common nouns/categories of the toys. She also had the ability to differentiate the meaning of
nouns and commands. Chaser could also memorize new words of the objects after taking
experimental trial, but unfortunately the duration of that memory did not last for 10 minutes.
Fiset (2007) tested if dogs could use landmark-based memory to find target. The result showed
that dogs could not only remember the direction and distance from landmarks, but also used this
spatial information to determine their searching areas.
2.2.3 Factors affecting canine olfaction
Despite the impressive scent-searching ability of dogs, a variety of literature has proven
some factors may cause hyposmia such as aging, nutrition, disease infection, and drug use. In
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light of the reduction of their working efficiency, olfactory dysfunction is a great concern with
scent-detection dogs.
2.2.3.1 Olfactory dysfunction
Sensory perception plays a fundamental role in animals’ lives. For dogs, disturbance of
the nose can cause problems of communication with the environment. Three types of olfactory
dysfunction have been identified: anosmia, hyposmia, and dysosmia (Chaaban and Pinto 2012;
Henkin et al. 2013). Anosmia means the loss of olfaction. Hyposmia indicates the decreased
ability to smell. Dysosmia refers to the difficulty to recognize odors. Among these olfactory
dysfunctions, hyposima is then categorized into other three kinds: failing to identify odor, odor
quantity, and odor magnitude. To diagnosis hyposmia, dogs can only be evaluated with the
control of odor quantity (Jenkins et al. 2016).
2.2.3.2 Cause of aging
Aging is one of the primary factors to cause organ dysfunction. Significant concern has
arisen on aging-related diseases such as Alzheimer’s disease and Parkinson’s disease in these
several decades. Visuospatial dysfunction is one of the early symptoms that commonly occurs in
Alzheimer’s disease (Martin 1987; Becker et al. 1988). This dysfunction was also found to
appear in aged beagles and to impair their memory process (Tapp et al. 2003). In the same way,
aging can contribute to olfactory dysfunction. In human, about 75% of people aged over 80 years
have diminished olfactory acuity (Doty and Kamath 2014). Hirai et al. (1996) discovered that the
olfactory epithelium became atrophic in the dogs greater than 14 years old. The research showed
not only the degeneration of olfactory cells using immunohistochemistry technique, but also the
loss of cilia of olfactory cells under the electron microscope.
2.2.3.3 Cause of diet
Obesity increases the risk of chronic diseases and affects sensory perception. Studies had
suggested the decreased olfactory sensitivity could be associated with increased BMI in children
and adults (Obrębowski et al. 2000; Skrandies and Zschieschang 2015; Fernández-Aranda et al.
2015). A research found that the prevalence of hyposmia in obese patients and in patients with
anorexia nervosa was 54.3% and 6.4%, respectively (Fernández-Aranda et al. 2015). As the
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correlation of obesity and hyposmia has been proven in humans, it is reasonable to doubt if the
same condition can occur in dogs. Altom et al. (2003) investigated whether diet had influence on
canine olfactory capability. Eighteen English Pointers were allotted to three diet groups (Diet A,
Diet B, Diet C). Diet A was treated as a control group and contained food with 12% fat. Diet B
contained 16% unsaturated fat and diet C had 16% saturated fat. Altom et al. then allotted the
dogs of the three diet groups to two physical conditioning groups; one has longer and more
frequent exercise time compared to another. The result showed that the dogs fed more saturated
fat and exercised less had lower performance in olfactory detection.
2.2.3.4 Cause of disease infection
Canine distemper and parainfluenza virus infection share the common symptom of nasal
discharge, which has the tendency to impact olfactory ability. In fact, studies were reported these
two diseases as one of the factors leading to olfactory disturbance (Myers et al. 1988a; Myers et
al. 1988b). Myers et al. (1988a) considered canine distemper was related to anosmia due to the
absent response using electro-olfactography, which is a technique measured the activity of
electrical potentials on olfactory epithelium (Scott and Scott-Johnson 2002). For parainfluenza
virus infection, Myers et al. (1988b) observed elevated detection threshold in dogs during the
infection period. That is, the infected dogs temporarily lost their sniffing ability to detect a
substance with a small concentration. Therefore, parainfluenza virus infection had the tendency
to cause hyposmia in dogs.
2.2.3.5 Cause of drug use
Drug use has been well studied in human olfaction (Doty and Bromley 2004;
Kostopanagiotou et al. 2011; Lotsch et al. 2012; Elterman et al. 2014; Walter et al. 2014).
However, only few drug studies in canine olfaction have been published (Ezeh et al. 1992;
Jenkin et al. 2016). While metronidazole affects human taste, it was also found to affect canine
olfaction (Jenkins et al. 2016). An experiment was conducted by Jenkin et al. (2016) to study
whether metronidazole and doxycycline would cause hyposmia in explosive-detection dogs. The
result showed that half of the 18 detection dogs presented olfactory dysfunction when being
administered metronidazole. However, only 1 of the 18 dogs showed degradation during
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doxycycline experiment. It concluded that while doxycycline did not have significant impact,
metronidazole could disrupt olfactory function in dogs.
Steroids also cause negative effects on canine olfaction. Ezeh et al. (1992) demonstrated
that dexamethasone increased the olfactory detection threshold, meaning it lowered the olfactory
ability in dogs. In the field of drug use, anesthetics effect on olfaction has been studied in human
(Kostopanagiotou et al. 2011; Elterman et al. 2014; Yildiz et al, 2016). Kostopanagiotou et al.
(2011) observed that patients receiving anesthesia with sevoflurane had lower levels of
melatonin, which plays a role in olfactory memory. Cases of permanent anosmia were also
reported in patients with intranasal ketamine (Mayell and Natusch, 2009) and with lidocaine (4%)
(Salvinelli et al., 2005). However, anesthetics such as desflurane (6%) have been proven to not
influence short-term olfactory memory in human (Yildiz et al, 2016). With the abundant
literature studying drug effects on human olfaction, to the author’s knowledge, it is relatively less
understood in dogs (Table 1).
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Table 1. Classes of drugs that alter olfaction (permitted from Jezierski et al. 2016). Drug effects
on human olfaction has been well studied, but relevant studies in dogs are lacking.
Type of drug

Evidence for anosmia or smell disturbance in humans

Analgesics (pain

Remifentanyl (Lotsch et al. 2012)

medication)

Δ9-tetrahydrocannabinol (THC) (Walter et al. 2014)

Anesthetics-general

Sevoflurane (Kostopanagiotou et al. 2011)

Anesthetics-

Intranasal ketamine, lidocaine, tetracaine (Elterman et al.

intranasal

2014)

Antiarrhythmic

Antibiotics

Evidence in dogs

Tocainamide (Doty and Bromley 2004)
Amiodarone (Doty and Bromley 2004)
Macrolides (clarithromycin, +/- azithromycin) (Tuccori et

Metronidazole at

al. 2011)

high doses

Doxycycline (Bleasel et al. 1990)

(Jenkins et al.

Amikacin (Welge-Luessen and Wolfensberger 2003)

2015)

ACE inhibitors (enalapril)
ACE inhibitors with diuretics (enalapril with
hydrochlorothizide)
Antihypertensives/

ACE inhibitors with calcium channel blockers (enalapril

cardiac medication

with felodipine)
Calcium channel blockers
(For all inhibitors and blockers, see Doty and Bromley
2004)

Anti-inflammatories

Chemotherapeutic
agents

Nasal prednisone (Heilmann et al. 2004; Nguyen-Khoa et
al. 2007)
Cisplatinum, carboplatinum, cyclophosphamide,
doxorubicin, 5-fluorouracil, levamasole, methotrexate
(Ackerman and Kasbekar 1997; Doty and Bromley 2004)

Dexamethasone at
high doses (Ezeh
et al. 1992)
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2.3 Canine training
Training a dog promotes it to experience new events and learn new things. On the
prospective of anatomy, olfactory learning involves the odor signal transduction among the nose,
the rhinencephalon, and the hippocampus. Viewing from the side of psychology, learning
nevertheless correlates with the association of events (Björu 2002). By the definition given from
Encyclopedia of Learning and Memory and other literature, learning indicates a permanent
change of behavior because of experience (Squire 1992; Chance 2014).
2.3.1 Training methodology
Besides knowing how olfaction works physiologically in dogs, understanding the theory
of learning promotes more fundamental knowledge to dog training. Trainers would be able to
train dog more effectively, properly, and reliably. Starting from two learning principles, they
have been identified as associative learning and cognitive learning. Associative learning is
simply defined as the connection between stimulus and response, while cognitive learning
contains learning in higher-level such as thinking and understanding (Coon and Mitterer 2015).
Animals are often surrounded by the condition of associative learning (Breed and Moore 2011).
In associative learning, learning procedure is then classified into two major forms: classical
conditioning and operational conditioning.
2.3.1.1 Classical conditioning
Classical conditioning is when an individual learns to associate new stimuli with its
natural response. In the scent-detection field, classical conditioning is a principle of imprinting
(Jezierski 2016). It occurs when an unconditional response (UR) reacts to an unconditional
stimulus (US) that paired with a conditional stimulus (CS). Ivan Pavlov, the first physiologist
studied classical conditioning by using his dog for the experiment. The process is described
when introducing food (US) to the dog, the dog slobbers. The salivation is a type of
unconditional response (UR), which is the dog’s reflex response. Then, if a bell sounds (CS)
every time when the food (US) is presented, the dog associates the US, the food, with the CS, the
ring. Salivation (UR) becomes a conditional response (CR) and would still occur even if only the
ring is presented.
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Classical conditioning has been applied to behavioral therapies such as aversion therapy
and systematic desensitization (Coon and Mitterer 2015). Aversion therapy is to connect
undesirable habits (e.g. smoking, drinking, and drug addiction) with uncomfortable stimuli in
order to help patients to quit these detrimental habits. Taking drinking problem as an example, a
study done by Vogler et al. (1977) tested 23 volunteers with aversion training and other methods.
When their blood alcohol concentration exceeded the standard, the subjects received electrical
shock 8 to 10 times for the next half hours. On the other hand, systematic desensitization is a
therapy assisting patients to overcome their phobias by presenting the fearful stimuli to them
when they are in the state of relaxation.
2.3.1.2 Operational conditioning
Classical conditioning associates with new stimuli and trigger individual’s reflex
response, whereas one’s behavior in operational conditioning is based on the consequence of
previous response (Coon and Mitterer 2015). Different responses can lead to different results.
When a response is satisfied immediately followed by the consequence, an animal would be
more likely to perform the same response repeatedly. This phenomenon is termed as
reinforcement in psychology (Ardila 2000). Two reinforcement types have been recognized:
positive reinforcement and negative reinforcement. Positive reinforcement occurs when a
respond causes a desirable consequence, encouraging the animal to perform the same behavior
for a positive outcome. One of the most well known applications of positive reinforcement is a
canine training device called a clicker. A clicker clicks immediately after a dog makes a correct
response. Then, the dog is rewarded with food or play. Clicker is commonly used as a signal to
tell the dog that the behavior is desirable. Eventually, clicker sound may be recognized as a
reward once the dog has been conditioned (Jezierski et al. 2010). Although the frequency of a
certain behavior also increases in negative reinforcement, the behavior is performed in order to
remove undesirable event. If covering ears can avoid the terrible thunder when seeing the
lightning, a person is likely to cover his/her ears again when lightning appears.
As reinforcement raises the probability of a response to occur; on the other hand, a
condition that suppresses the response is called punishment. Similar to reinforcement,
punishment is classified into positive punishment and negative punishment. Positive punishment
involves suppression of a response. The frequency of response decreases in order to prevent
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unpleasant consequence to occur. Negative punishment indicates the removal of the desirable
reinforce to decrease the frequency of response (Coon and Mitterer 2015), for example, taking a
dog’s favorite toy away because it bites someone. See table 2 for the summary of the type and
the purpose of reinforcement and punishment.

Table 2. Types of reinforcement and punishment. The table lists the change of response in
reinforcement and punishment and what the responses change for.
Reinforcement and punishment

Response

Purpose of the response changing

Positive reinforcement

Increase

To create more desirable outcomes

Negative reinforcement

Increase

To remove unpleasant stimulus

Positive punishment

Decrease

Negative punishment

Decrease

To avoid the occurrence of undesirable
event
To decrease certain response by removing
desirable thing as a punishment

2.3.2 Designed element of scent-detection dog training
Lit (Helton 2009) proposed different tasks requiring three variables in training methods;
first, amount of target scent, second, types of command, and last, number of alert. Here, the
author would like to add two more elements that also influence canine training, which are
nontarget scent and type of reward. According to a personal conversation with Dr. Wei Lien Chi,
it is important to consider the type of nontarget scent when designing the target scent. The
intention is to ensure dogs can truly distinguish and identify the target scent. Command can be
single or multiple. Multiple commands are often applied for dogs to search multiple specific
scents (Helton 2009). Two alert types that are generally applied are active alert and passive alert
(Furton and Myers 2001). The difference between these two alerts is the continuity of action.
Active alerts often involve scratching or barking, which are continuous (Jezierski et al. 2016). In
contrast, passive alerts typically include sit or down, which are considered as non-continuous
actions. The choice of alert depends on the task a dog works on. For example, drug dogs are
usually trained to make active alert, while explosive dogs are trained to react with passive alert
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(Furton and Myers 2001). Type of reward is also important when designing canine training. The
most typical rewards are food and toy/play. A dog’s motivation to work can be heavily affected
by the type of rewards. In summary, in order to design a scent-detection dog training, the
following elements must be concerned: target scent, nontarget scent, types of commend, alert,
and type of reward.
2.3.3 Requirement of detection dog and handler
Choosing a detection dog is a complicated process since several factors may influence the
selection of dogs, such as breed, age, motivation, and personality. Although breed selection
varies based on the type of detection, trainers prefer the age mostly between 12 and 36 months
(Handy et al.1961; Maejima et al. 2007). This range of age is favored because of the adequate
life span remaining for work after dogs finish the training. In addition, having a strong desire to
work or obtain reward and being able to ignore distractions are the essential requirements for
detection dogs (Maejima et al. 2007). This type of desire is also called drive. As Cablk and
Heaton (2006) noted, drive comes with a dog’s natural personality, indicating it cannot be gained
simply by training. Besides motivation, other personality traits of a dog are also crucial factors
for selection. A study by Svartberg (2001) investigated the relationship between shynessboldness dogs and level of performance. The authors discovered that bolder dogs had higher
performance rank and were likely to learn more complex tasks than shyer dogs. Certainly,
boldness is one of the characteristics for detection dog selection.
A handler is obligated to well understand the learning theory and principle of canine
behavior. He or she should know how to observe a dog’s reaction, analyze the situation, and
have dexterity to adjust changing or to make decision (Jezierski et al. 2016). Last but not least,
handlers are required to manage their emotions properly during training. Some studies have
found that not only can handler cues affect the dogs on decision-making (Szetei et al. 2003; Lit et
al. 2011), but also dogs have tendencies to observe human expressions and apply the emotions to
their tasks (Turcsán et al. 2015).
2.4 Brown root rot disease
Brown root rot (BRR) disease commonly occurs on trees in tropical and sub-tropical
regions. The impact of BRR disease is significant. Serious damage on the roots can lead to a
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great number of deaths in trees, causing economic loss or biodiversity loss in urban areas and
forests (Brooks 2002). Unfortunately, eliminating BRR disease is challenging due to the rapid
infection rate and difficulty of diagnosis in early stages (Bartz 2007; Bodah 2017).
2.4.1 Pathogen
BRR disease is a tree disease caused by a rot fungus named Phellinus noxius. P. noxius is
also recognized as white rot fungus due to the fact of its ability to degrade lignin, a molecule that
gives brown color to the tree and supports wood structure. The symptoms of BRR disease
include slow plant growth, structural decomposition, rapid tree death, and tree fall (Brooks 2002).
According to Flood et al. (2016) noted, “The most characteristics symptom of this disease is the
hard brittle encrustation of soil around the root…” (p. 467). The initial symptoms involve
drooping and color changing to yellow (Chang 1992). Leaves on an infected tree may change
color to brown within 1 to 2 months. The optimal temperature for P. noxius to grow is 30°C,
which is equivalent to 86°F (Ann et al. 2002). Acidic environment is favored for this fungus. The
pH for growing can decrease to as low as 3.5 (Ann et al. 1999a). Because of these characteristics,
P. noxius often distributes in tropical regions of Africa, Australia and Oceania, Central America,
Caribbean, and South-east Asia (Larsen and Cobb-Poulle 1990; Flood et al. 2016). In Taiwan,
over a hundred of plants are considered as the host of P.noxius. Most of the infected cases are
found in central and southern Taiwan (Ann et al. 2002; Chang 2002).
2.4.2 Disease dissemination
In general, P.noxius is transmitted by root-to-root contact (Brooks 2002; Chang 2002;
Sahashi et al. 2012). How the fungus introduced to a new area stays unclear. Airborne
basidiospore is speculated to initiate the infection process (Sahashi et al. 2012), even though it
may not be an efficient way for spreading considering their levels of production (Chang 2002).
However, once the basidiospores land on a freshly cut stump, it would grow and process
colonization. Literature has shown P.noxius can survive in the dead roots in soil for over 10
years (Chang 1996). The fungus in dead root can contact with the roots of healthy tree and
continue the spreading of brown root rot disease.
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2.4.3 Management
To date, BRR disease management still relies on routine inspection and infected trees
removal (Flood et al. 2016). Early diagnosis of BRR disease is challenging because the infection
often happens under the ground (Bodah 2017). When the symptom is visually observed, the
disease has already reached the late stage and it would be difficult to treat. A few approaches are
applied to control disease spread, such as flooding the area (Chang 1996) and replanting with
resistant tree species (Ann et al. 1999b). According to Ann et al. (2002) and Chang (1999), “The
most practical way is to fumigate the infested soil with ammonia generated from urea amended
in soil under alkaline conditions” (p. 824). BRR disease management is exhausting and timeconsuming (Flood et al. 2016). However, when the use of detection dogs and their ability to sniff
out the fungus, it may be efficient to eliminate the spreading of the disease. Detection dogs can
smell the soil around the tree to detect the odor of the fungus. Dogs alert to people if an infected
tree is found. Then, the working staff will collect the wood sample and send it to laboratory for
further analysis.
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CHAPTER 3. MATERIALS AND METHODS

3.1 Animals
Animal use in this research was approved by Institutional Animal Care and Use
Committee (IACUC) of National Pingtung University of Science and Technology, Taiwan
(NPUST) (Protocol number: NPUST-105-057). Eight beagles, seven females and one male,
trained for brown root rot (BRR) fungus-detection were used in this study. Dogs were trained at
the Working Dog Training School, NPUST, Taiwan. The age of the eight beagles ranged from 1
to 9 years old. The median of age was 3 years old. Dog’s health was maintained and evaluated
based on daily health observations on appetite, bowel movement and energy levels. Body weight
is measured every one to two weeks. The weights of the enrolled dogs were between 7.9 kg and
12.1 kg (17.4 to 26.7 lb). All dogs were up-to-date on required vaccines including rabies and
DHPPi. Pour-on anthelmintics and Frontline® were provided to dogs in the frequency of every
three months. For animal care, all dogs were fed with the same commercial dog food in the
morning and evening and housed in IACUC approved facility at NPUST. Dogs were kept in the
individual kennel during feeding and resting at night. Water was constantly provided. A large
free running outdoor space was connected to the kennel, allowing dogs to exercise. Dogs were
released to the outdoor space for 8 hours a day regularly. Veterinary care was available for dogs
during the research period.
3.2 Training method
Prior to the study, dogs had been trained to detect BRR fungus odor with the approach of
positive reinforcement and positive punishment. The command “LET’S GO” means to start the
detection task. The command “FIND IT” tells the dog to find the target. The rewards of positive
reinforcement include food and vocal praise of “YES” then “GOOD BOY/GIRL” when a dog
successfully detects BRR fungus odor and is in the sitting position. Positive punishment involves
verbal correction by saying “NO” and leash tapping when dogs make false-positive response.
Dogs are trained to sniff a series of cans in a line arrangement. When dogs find the can contained
the target, the BRR disease-infected stick, they are asked to sit next to the target can. If correct
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decision has been made, the handler provides the food reward and compliments to the dogs. For
the study purpose, all eight beagles had been trained to be familiar with the detection route
designed for this experiment. This training started at two months before the research with the
frequency of once a week.
3.3 Experimental design
The study utilized a double-blinded, randomize, cross-over design with each dog
receiving both treatment, namely isoflurane and propofol, in a randomized order, with an 11-day
washout period between two treatment. Both the handler and the dog were blinded for the target
scent can and treatment assignments. Dogs were randomly assigned using an online randomizer
(randomization.com) to have either treatment of isoflurane or propofol, and were switched to
receive the other treatment for another trial after washout period. Each trial contained eight dogs,
four for isoflurane and four for propofol. In the beginning of the experiment, physical
information such as sex, age, neutering status, body temperature and weight were measured and
recorded. Immediate prior to the anesthesia, all dogs performed their baseline (time zero) BRR
detection test using novel linear system. Each test contains three runs. Then, dogs received
isoflurane or propofol anesthesia for 30 minutes. For anesthesia monitoring, electrocardiogram,
pulse rate, non-invasive blood pressure, respiratory rate, hemoglobin saturation for oxygen, endtidal CO2, end-tidal isoflurane, and body temperature were recorded every five minutes during
the anesthesia. During the anesthesia, the dog's toe was pinched with a Foerster Sponge Forceps
with the clamped to the second ratchet to simulate a painful stimulation of the surgery. At the
end of the 30 minutes anesthesia, dogs were extubated and allowed to recover. Once the dogs
recovered, then the same BRR detection test was performed at 0.5, 1, 2, 4, and 24 hours after
extubation. Figure 3 illustrates the experimental procedure.

3.4 Target and nontarget source

The BRR disease-infected sticks were used as the target in the experiment. The infected
sticks were obtained from Shen Chéng Environmental Engineering Co., Ltd. in Pingtung City,
Taiwan. The BRR disease-infected sticks were cultivated in March, 2016 and stored in a fridge
at 4°C. To cultivate the BRR disease-infected sticks, the height of the stick was required to be 10
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cm long and the diameter to be 1 cm. When the fungus coverage reached to 100% observed by
bare eyes, a BRR disease-infected stick sample is successfully made. Target sticks were stored in
a fridge at 4°C in a sealed 50ml tube when not using. The non-infected sticks were collected
from healthy tree planting around the Working Dog Training School, NPUST. Before each
experiment, the non-infected sticks were sanitized using cylindraceous steam sterilizer (Yang Ta
Min Instrument Co., LTD., Tanzi District, Taichung County, Taiwan) for 30 minutes and then
were dried in the oven (JA-72, JorFai Co., LTD., Xinfeng Township, Hsinchu County, Taiwan)
at 39.6°C for at least 12 hours (Fig 4).
3.5 Pilot study
A pilot study was conducted with four trained dogs using a novel linear system. Two
were anesthetized with isoflurane and the other two with propofol. Dogs were tested for BRRfungus detection before and after anesthesia at different time intervals to determine the
reasonable intervals between tests after anesthesia. It was concluded that over- and frequent
testing may cause dogs to suffer from exhaustion and loss of focus within a short time. In
addition, the depth of anesthesia using isoflurane and propofol were decided in this pilot study. It
was determined that if surgical plane of anesthesia was used, hypotension might occur and other
pharmacologic interventions must be provided to maintain blood pressure. In this situation, these
extra-drugs might complicate the aims of the study. Therefore, a light plane of anesthesia (see
Anesthesia and drug uses) would be reasonable to establish this system first. The testing
intervals were determined to be 0.5, 1, 2, 4, and 24 hours after the extubation of anesthesia. A
longer duration of scent detecting beyond 24 hours was not performed because the residual of
anesthetic effect already weaned.
3.6 Anesthesia and drug uses
Prior to anesthesia, each dog underwent the baseline detection test. After the baseline test,
dogs were anesthetized for 30 minutes. A light plane of anesthesia was used to maintain
isoflurane and propofol anesthesia. Isoflurane (Taiwa Instrument Co., Ltd, Danshui Town, Taipei
County, Taiwan) was inducted at 5% by the use of facemask connected to the semi-closed
anesthetic machine (SMT-2000, SOAR MEDICAL TECH Co., LTD, Neihu District, Taipei City,
Taiwan). Once the dog was intubated, 100% of oxygen was provided with isoflurane set at endtidal isoflurane of 1.2% (1 minimum alveolar concentration) for maintenance. For propofol
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treatment group, propofol (Chi Sheng Chemical Corporation, Hukou Township, Hsinchu County,
Taiwan) was administered at 4 mg/kg via a pre-placed intravenous catheter until the dog was
deep enough for endotracheal intubation. After the endotracheal intubation, 100% oxygen at 2
liters per minute was provided via an anesthetic breathing circuit from the anesthesia machine. A
constant rate of infusion of propofol at 0.3 mg/kg/min was set to maintain a light plane of
anesthesia (Injectomat MC Agilia Int, Fresenius Kabi AG, Bad Homburg, Germany). The
isoflurane anesthetic concentration and propofol CRI were based on the published data for dogs
as a light plane of anesthesia (1.3% and 0.1-0.6 mg/kg/min, respectively). (Riviere and Papich
2009; Shell n.d). During this light plane of anesthesia, the mean arterial blood pressure of these
dogs was maintained between 65-90 mmHg. The end-tidal CO2 was maintained between 3545mmHg, and the oxygen saturation of hemoglobin (SpO2) was maintained between 95-100%.
The body temperature was maintained between 36.5 and 38.5°C during the anesthesia using
blanket and force hot air warmer. These cardiorespiratory data were recorded every five minutes
during the anesthesia. Lactated Ringer solution was administered at 5 ml/kg/hour. For
cardiorespiratory monitoring, a multifunctional cardiorespiratory monitors (Dash 3000, GE
Healthcare, Milwaukee, Wisconsin, USA) and multigas analyzer (MAxTM, phasein medical
technologies, Svärdvägen, Danderyd, Sweden) were used.
3.7 Detection test procedure
The enrolled dogs were trained to identify the odor of the fungus Phellinus noxius that
caused BRR disease. The BRR disease-infected sticks were used as the target scent, whereas the
non-infected sticks served as the nontarget scent (Figure 4). As Figure 3 illustrates, the baseline
detection test (time 0) was performed on each dog before receiving anesthesia. After the dogs
were extubated, they were tested for the second BRR detection. The detection test was performed
in the time intervals of 0.5, 1, 2, 4, and 24 hours after the dogs were extubated. Each dog
performed every test three runs. The locations of cans were changed among three runs. In total,
288 tests were performed in the experiment. The experiment was conducted in a 6.4 m × 14 m
room with ceramic tilling. The airflow of the room was controlled and consistent throughout the
study to minimize the potential influence of the airflow on the dog’s scent detection ability.
Video recording was used throughout the detection test and was reviewed as a reference when
there was any doubt of each dog’s performance.
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The target was placed in one of the ten stainless, identical cans. Each can was fixed on
the rectangle-shaped board, which served as a retainer. A can was measured as 1.5 cm×4.5
cm×7.5 cm. The location of target can was randomized using the online generator (seed #35452).
All cans were closed with the lids after the sticks were placed inside to prevent visual cue. A lid
contained six radial holes. Each hole was measured with a diameter of 0.6 cm as shown in Figure
5. An extra can was placed to be the first can as a staring point of the detection route. The first
can consistently remained empty throughout the experiment. Thus, 11 cans were set in a linear
arrangement (Figure 6). Each can was separated with the distance of 60 cm. Disposable gloves
were used when switching the location of the target and the nontarget cans. The testing room and
the cans were all cleaned with bleach during the washout period in order to remove the residual
scent from previous detection tests.
The scent detection test was a double-blinded test, meaning neither the handler nor the
dog knew the treatment assignment and the target location. The handler and the dog waited in a
totally separated room, which was measured as 4 m×5.32 m, away from the scent detecting room,
while the observer switched the target and the controls. After target switching was completed,
the dog and the handler were allowed to enter the scent detection room to start the test. (Figure 7).
In order to minimize any potential contamination of scent and hint given by the handler
to the dog in the search target scent, a novel wire system was set up with the leash secured on the
window frame. The karabiner was then attached to a 15.6 m-long guide wire hung right above
the cans as Figure 6 shown. The karabiner can be moved freely in bi-direction with the leash
along the guide wire. Throughout the study, the dogs were always walking on the left side while
the handler was always on the right. No direct contact was allowed between the dog and the
handler. Dogs had been trained to be familiarized with this detection setup and to sit next to the
can to confirm the location of the scent when they detected the BRR fungus sample. During the
test, the observer would tell the handler whether dog sits at the correct location or not. Then, the
handler provided a reward (e.g. dog food) to the dog if detection was performed correctly. The
accuracy of olfactory detection was recorded as the research data and saved for statistical
analysis later.
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3.8 Data collection
During the detection test, several circumstances might occur: a) Dog detected correctly
and sat. b) Dog failed to detect the odor and did not sit. c) Dog detected correctly and sat, but
also sat next to other can(s) leading to false-positive result. d) Dog failed to detect the correct
odor and made false-positive decision. And e) Dogs did not find and sit next to the target but
expressed some physical signs such as pausing, raising the head up, or sniffing harder as the
awareness of the odor.
To simplify the detection data, two independent types of marks were employed. First, (+)
and (-) sign were used as success (circumstance a) and as failure (circumstance b) of dogs’
decisions on target finding, respectively. Second, NT mark and Alert mark were written down if
false-positive response (circumstance c and d) and circumstance e) occurred, respectively. NT
represented nontarget, indicating the number of false-positive respond the dog had made. Alert
was marked if dogs were aware of the target scent but did not in the sitting position. For example,
if a dog found the target but also had one false-positive response, it would be marked as +/1NT
on the data sheet. Correct detection is defined as all three runs are positive and no NT or Alert
marks were written.
3.9 Statistical analysis
Since the cardiorespiratory data were relatively consistent over time, it was decided that
the data of the baseline and the anesthesia at 15 minutes were presented and expressed as median
and range. The % correct detection of dogs between isoflurane and propofol treatment groups
over time was compared using generalized estimating equation (GEE) with logistic link function
and binomial distribution. GEE model was used to account for the cross-over study design with
repeated measures. Each dog performed three runs of each test. The probability of cutoff point
was set to be <0.01. Thus, data were dichotomized by the rule that a test was considered
successful only when a dog correctly detected the target in all three runs without NT or Alert
marks. All else were considered failure. The probability of correct detection in 3 out of 3 runs is
0.001. If the cutoff point was set to be <0.05, then it should include the correct detection in 2 out
of 3 runs, which the probability is 0.027. Data were using IBM® SPSS® statistics software for
Windows (version 23, Armonk, NY: IBM Corp). Statistical significance was defined as P<0.05.
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Fig 3. The experiment procedure from the baseline BRR detection test to the 24-hour BRR
detection test. Prior to the anesthesia, all dogs performed the first BRR detection test, also called
the baseline test. Then dogs were either allotted to receive isoflurane or propofol anesthesia for
30 minutes. After the anesthesia was done, second (t0.5) and thereafter (t1, t2, t4, and t24) BRR
detection test began based on the extubation time.
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Fig 4. The picture of the BRR disease-infected and the non-infected sticks in the 50ml tube.
The BRR disease-infected stick is labeled as “a)” and the non-infected sticks is labeled as “b)”
in this photo. Compared to the non-infected, the BRR-infected stick is covered with the fungus
Phellinus noxius and shown the color as white.
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Fig 5. The stainless cans were employed in this study to place the target or the non-target. After
putting the stick into a can, it would be covered with a lid contained six radial holes measured
with the diameter of 0.6 cm of each hole.
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Fig 6. The established scent detection system with the minimal human hint. a) The linear scent
detection system contains a 15.6 m-long guide wire hung right above all the 11 cans. b) The dog
and its handler performed a BRR detection test. Label (b.i) indicates the main design of this
linear scent detection system to separate the dog and the handler without direct contact between
them. The leash was attached to a karabiner and allowed the dog to move back and forth along
the guide wire but unable to stray away from the scent detection system. The purpose of the
trekking pole labeled as (b.ii) was used to ask the dog to sniff every can in the scent detection
system.
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Fig 7. The plan of the experimental room. The drawing is not at scale.
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CHAPTER 4. RESULTS

4.1 Animals
Eight beagles, one sex intact male, three sex intact females, and four spayed females,
participated and completed this study. The median of the weight is 9.6 kg (21.2 lbs) with the
range of 7.9 kg-12.05 kg (17.4 lbs-26.6 lbs). All dogs had recovered within 30 minutes after the
anesthesia was completed and were able to perform a scent-detection test at t(0.5), which is 30
minutes after extubation. Cardiorespiratory records such as pulse rate, respiratory rate, SpO2,
EtCO2, and body temperature at baseline and anesthesia at 15 minutes are summarized in Table 3
and Table 4, expressed as median and range.

Table 3. The cardiorespiratory data of all eight detection dogs with isoflurane treatment,
expressed as median and range. Data include pulse rate, respiratory rate, systolic blood pressure,
diastolic blood pressure, mean blood pressure, SpO2, EtCO2, and body temperature. Data were
measured and collected at the baseline and at the 15 minutes of anesthesia.
Baseline

Isoflurane

Anesthesia at 15 minutes/ t(15)

Median

Range

Median

Range

Pulse rate (bpm)

84

72-160

64.5

49-107

Respiratory rate (bpm)

34

24-56

13

9-29

Systolic blood pressure (mmHg)

104.5

75-148

Diastolic blood pressure (mmHg)

51.5

40-71

Mean blood pressure (mmHg)

67.5

52-97

98.5

97-100

39.5

36-44

37.65

36.9-38.1

SpO2 (%)

96

95-100

EtCO2 (mmHg)
Body temperature (°C)

37.95

37.4-38.7
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Table 4. The cardiorespiratory data of all eight detection dogs with propofol treatment,
expressed as median and range. Data include pulse rate, respiratory rate, systolic blood pressure,
diastolic blood pressure, mean blood pressure, SpO2, EtCO2, and body temperature. Data were
measured and collected at the baseline and at the 15 minutes of anesthesia.
Baseline

Propofol

Anesthesia at 15 minutes/ t(15)

Median

Range

Median

Range

Pulse rate (bpm)

87

72-120

64.5

47-76

Respiratory rate (bpm)

38

24-106

13.5

7-19

Systolic blood pressure (mmHg)

107.5

86-140

Diastolic blood pressure (mmHg)

56.5

42-78

Mean blood pressure (mmHg)

76.5

62-100

99

96-100

40.5

39-45

37.35

36.7-38.6

SpO2 (%)

97

96-100

EtCO2 (mmHg)
Body temperature (°C)

38

37.6-39.6

4.2 Comparison of isoflurane and propofol on scent-detection
In figure 8, the difference of isoflurane and propofol is not significant (p=0.669). Even
though over 20% of difference between isoflurane and propofol are present at the 4 hours and the
24 hours, a percent difference caused by one dog is ±12.5%. Sample size (n=8) indicates the
difference can be influenced only by 1 to 2 dogs. Figure 9 further illustrates the % correct
detection of isoflurane (58%) and propofol (52%). The odds ratio of isoflurane and propofol is
1.3 (95% CI 0.8-2.0), meaning dogs treated with isoflurane were 1.3 fold more likely to correctly
detect target compared with dogs treated with propofol. Then, the p-value for treatment =0.278.
No difference between groups, indicating no treatment effect. In figure 10, the p-value for time is
0.869. As there is no temporal pattern based on the result, the observed differences among time
points are not significant. In conclusion, the results show no significant difference between
isoflurane and propofol treatments on the function of the olfactory-cognitive acuity in detection
dogs. Neither two drugs have impact on canine olfaction and cognition. Isoflurane did not cause
greater negative on the olfactory acuity in dogs. Therefore, the hypotheses are rejected.
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Fig 8. Percent correct response of two treatments isoflurane and propofol over time from
baseline to 24 hours after extubation. The darker bar represents the percent correct
response of dogs receiving isoflurane. The lighter bar indicates the percent correct
response of dogs receiving propofol. 0 is the baseline and 0.5 is the 30 minutes after
extubation.
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Fig 9. The percent correct response of isoflurane and propofol. Isoflurane has 58% correct
response, compared with propofol with 52% correct response. As p=0.278, the difference
between isoflurane and propofol is not significant.
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Fig 10. The percent correct response of the two anesthetics (isoflurane and propofol) combined
across time. Each time point is comparable to the baseline (t=0). As there is no temporal pattern
based on the result and p=0.869. The observed differences among time point are not significant.
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CHAPTER 5. DISCUSSION

This study has demonstrated that isoflurane and propofol have minimal impact on the
olfactory-cognitive function of the BRR detection dogs. The odds ratio of correct detection
comparing isoflurane to propofol is 1.3 (95% CI 0.8-2.0), showing no significant (p=0.278)
difference between them in the scent detection ability of the dog. Furthermore, there was no
significant difference (p=0.869) on the success rate of scent detection between any given time
intervals and the baseline. The result of the pilot study suggested that there might be a difference
between propofol and isoflurane on the scent detection ability in the pilot study dog. However,
the study results rejected this observation. In this study, the overall percent correct response at
baseline was only around 60%. This is because the authors used a stricter rule to define correct
response, that is, only three consecutive correct runs are considered successful. The rule was set
to minimize false positive responses. Nevertheless, this low percent correct response indicated
that the variability of dog’s detection performance was greater than the researchers’ expectation.
This might affect the statistical power to detect the true difference.
In the literature of humans, some anesthetic effects on olfaction have been studied. The
research by Yildiz et al. (2016) has first observed that desflurane (6%) did not cause short-term
influence on olfactory memory using general anesthesia. A study also reported isoflurane (1.2%)
did not affect olfactory memory (Bilgi et al., 2014). The result is consistent with the finding of
this study that isoflurane seems to not cause negative impact on canine olfaction. The study also
did not test the long-term olfactory memory and had small sample size, which included 40
patients. On the other hand, Jugovac et al. has conducted an experiment in rat and shown that
fentanyl and propofol could depress olfactory response (Jugovac et al., 2006).
There are some variables that could be suspected to influence this study, such as number
of runs, age, gender, and drug use. The authors decided for each test to contained three runs
because the BRR-fungus detection dogs generally practiced three times during the maintenance
training. Aging is one of the intrinsic factors affecting olfactory ability. Hirai et al. (1996)
reported that atrophic olfactory epithelium, fewer number of olfactory cells, and fewer cilia of
olfactory cells were observed in aged (10-19 years old) dogs. However, to the author’s
knowledge, the relationship between aging and olfaction in dogs is deficient in published
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literature. Age-related studies in dogs mostly defined old dogs as over 10 years old (Shimada et
al. 1992a; Shimada et al. 1992b; Hirai et al. 1996). As the age of dogs in this study ranged from 1
to 9 years old, the aging problem might be excluded from one of the variables. The study
employed 1 male and 7 female dogs. However, there have been no studies on correlation
between gender and canine olfaction. Therefore, it is unknown whether gender had an influence
on the study results. Future research could investigate the topic of gender influence on canine
olfaction. In this study, the dogs were treated with pour-on anthelmintics and Frontline®
regularly. The effects of these drugs on the scent detection ability of dogs are unknown.
Although one could argue that pour-on drugs could affect olfactory acuity in dogs, the influence
seemed to be negligible based on the maintenance training, which did not found decreased
accuracy in BRR fungus detection.
Underlying mechanisms that influence canine olfaction still remains unclear. In the
research by Jenkins et al. (2016), they discovered the possibility that metronidazole can cause
hyposmia in dogs. The researchers introduced two mechanisms of olfactory dysfunction in
humans that might have the same impacts in dogs, which were conductive dysfunction and
sensory dysfunction. The former indicates the inaccessibility of odorant molecules to olfactory
mucosa, while the latter indicates the injury of olfactory mucosa or olfactory nerves. They
inferred that hyposmia resulted from metronidazole could be due to sensory dysfunction.
Another study had shown diet could affect olfactory degradation in athletic dogs (Altom et al.
2003). The researchers conducted an experiment to investigate if canine olfaction could be
influenced by different diets, which had different composition of saturated and unsaturated fat.
They speculated that the alter ratio of saturated and unsaturated fatty acids may modify the
composition of fatty acids on nasal epithelium. Though many speculations are on the question of
what disturbing canine olfaction to smell, detect, or even make decision, a study in 2014 was a
milestone on this topic. The study using fMRI found that the olfactory bulb, the piriform cortex,
and the entorhinal cortex (EC) remained activated in anesthetized dogs (Jia et al. 2014). Areas
related to cognition such as OFC were activated only in awake dogs. It showed that the olfaction
is still working even the dog is unconscious.
Various testing setup have been applied in detection dog training. The most common
setups are carousel setup (Schoon and Berntsen 2011; Angle et al. 2016; Jenkins et al. 2016),
linear route (McCulloch et al. 2006; Sonoda et al. 2011), U-shaped setup (Ehmann et al. 2012),
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etc. In this study, the researchers established a novel linear route with the leash suspended by a
guide wire. The advantages of this step up are that 1) it minimizes the direct contact between dog
and handler, 2) the hanging leash allows handler hold the leash to stop the dog if necessary, 3)
the liner route allows the target scent to remain in its geographic location and not mix with
nontarget scent due to the distance. The disadvantages of this linear route scent detection system
are that 1) larger space is preferred for the setup, 2) A handler needs to be close to the dog to
guide it, and 3) dogs may memorize the location of the previous target. Comparing with carousel
setup, also known as scent wheel technique, carousel setup has the advantages that 1) it only
requires small space, 2) target is switched simply by rolling the wheel, 3) The system allows to
test dog on leash or off leash. The disadvantages of carousel setup are 1) The movability is low
due to the structure and weight of the wheel, 2) dogs may contact testing items more than one
time, which would heavily affect the probability and accuracy of the test, and 3) The target scent
can be easily contaminated with controlled scent because of the close distance between each
sample. Except for these differences, the established linear system may be as practical as
carousel setup. However, future study should compare different training setup with the same
target and directly using the same group of dogs.
This study was not without limitations. Further research should use a larger sample size
to validate the result of this study. This study only concerned about the drug effect for 24 hours.
Though the study had tested for four time intervals before the 24 hours, long-term effect of
anesthetics on scent-detection dogs or other types of anesthetics effect on canine olfaction could
be investigated for future explore. Another limitation was that we only evaluated one anesthetic
class, as inhalant vs. injectable. In reality, anesthetics are often mixed and used together during
the surgery. Dogs may be induced with propofol and maintained on isoflurane. Other drugs such
as opioid and sedatives are commonly used. This study serves as a preliminary comparison to
explore the possibility of the two distinct anesthetics effect on the BRR fungus-detection dogs.
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CHAPTER 6. CONCLUSIONS

In summary, the study was a pioneer research that tested the effects of isoflurane and
propofol on canine olfaction. We concluded that neither isoflurance nor propofol acutely affected
canine ability to accurately detect the BRR fungus target scent. The results did not support the
hypothesis and isoflurane did not cause greater negative effect on the olfaction in dogs compared
to propofol.
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